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ABSTRACT 
THE EFFECT OF A LAG SCHEDULE OF REINFORCEMENT ON 
VARIABILITY IN TOY PLAY IN CHILDREN WITH AUTISM 
by 
Cloie LaVonn Cornell 
June 2019 
 
Variability is a dimension of behavior that is altered and learned through 
reinforcement contingencies (Neuringer, 2002). The lag schedule of reinforcement is 
one way to establish contingencies in order to increase variability in block formations 
built by children diagnosed with autism. Napolitano, Smith, Zarcone, Goodkin and 
McAdam (2010), and Miller (1012) found that a lag schedule of reinforcement 
increased the variety of block formations built by children diagnosed with autism, 
both studies used the discriminative stimulus (SD) “build differently,” during 
intervention phases. The current study used a lag schedule of reinforcement along 
with the SD “build something,” throughout each phase. The results of this study 
showed that a lag schedule of reinforcement alone did not significantly increase 
variability in block formations built by all three participants. All three participants 
were age 8 and had an autism diagnosis.  
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CHAPTER I 
INTRODUCTION 
Autism spectrum disorder (ASD) diagnoses are becoming quite prevalent in 
children today. According to the Centers for Disease Control and Prevention (2014), 
1 in 68 children is diagnosed with ASD. American Psychiatric Association (2013) 
diagnostic criteria for ASD include deficits in communicative behavior, restricted 
behavior, and repetitive patterns of behavior, interests, or activities. These deficits are 
prominent in many areas, including social interaction, play, schedule adherence, and 
cognition. Children with ASD may play with a toy in the same way repetitively. They 
also may choose to engage with the same toy or activity every time they are given the 
opportunity (Centers for Disease Control and Prevention, 2014). Rigidity in behavior 
is common in children with ASD, and can be detrimental to their quality of life due to 
its effect on learning and flexibility. Rigidity in behavior restricts the number of 
available responses to a stimulus. Learning, exploring, creating, and problem solving 
may depend partially on the operant nature of variability (Neuringer, 2002).  
Variability in behavior is the measurement of the amount of novel responses 
producible in response to the same condition. Variability in behavior is an operant of 
behavior that can benefit an organism through reinforcement in their natural 
environment. Social and educational growth can be reduced by a child’s rigidity in 
play behavior; however, creativity and variability can be increased through operant 
procedures (Miller, 2012). Our society values creativity, and creativity is established 
through the production of novel responses. Neuringer, (2002, p. 107) says, “The self-
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maintaining nature of play suggests that engaging in variable behaviors may itself be 
reinforcing.” Variability in behavior is important to adaptation because it allows for 
new, sometimes better solutions. When problem solving there is value in generalized 
variance (Rodriguez & Thompson, 2015). This variability in behavior allows for 
adaptation to new environments and situations, therefore it is an important topic of 
study. Neuringer says, “Children with autism tend to respond less variably than 
normal children, and this can result in failure to adapt” (2002, p. 798). Individuals 
with ASD may be taught to respond variably under naturally occurring conditions in 
which varied responding is likely to contact natural sources of reinforcement, such as 
the sudden termination of reinforcer deliveries to previously produced responses 
(Rodriguez & Thompson, 2015). Operant variability can be beneficial under certain 
conditions and at a certain level. If the response variability is too high, it will be too 
unpredictable to control. Abnormal levels of variability in behavior can be found in 
people with disabilities such as ASD, depression, and attention deficit disorder 
(Neuringer, 2002). Behavior variability can refer to unpredictability; however, it 
exists on a continuum. Variability can range from zero, where every response 
resembles the last, to very high variability, where each response is novel and 
unpredictable.  
Variability is a dimension of behavior that is altered and learned through 
reinforcement contingencies (Neuringer, 2002), implying that variability in behavior 
is either increased through contingent reinforcement of novel responses or decreased 
through the lack of reinforcement applied for novel responses. There are a few 
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different reinforcement schedules that can increase the variability in responding. 
Some include extinction of previously produced responses, reinforcement of novel or 
less produced responses, and lag schedules of reinforcement. This study will focus on 
the effects of lag schedules of reinforcement on variability in toy play with children 
with autism. 
Definition of Terms 
 Behavior- “The activity of living organisms; human behavior includes 
everything that people do.” (Cooper, Heron, and Heward, 2007) 
Discriminative Stimulus (SD)- “A stimulus in the presence of which responses 
of some type have been reinforced and in absence of which the same type of 
responses have occurred and not been reinforced.” (Cooper et al., 2007) 
Echoic- “An elementary verbal operant involving a response that is evoked by 
a verbal discriminative stimulus that has point-to-point correspondence and formal 
similarity with the response.” (Cooper et al., 2007) 
Extinction- “The discontinuing of reinforcement of previously reinforced 
behavior (i.e., responses no longer produce reinforcement); the primary effect is a 
decrease in the frequency of the behavior until it reaches a prereinforced level or 
ultimately ceases to occur.”  (Cooper et al., 2007) 
Intraverbal- “An elementary verbal operant that is evoked by a verbal 
discriminative stimulus and that does not have point-to-point correspondence with the 
verbal stimulus.” (Cooper et al., 2007) 
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Mand- “An elementary verbal operant that is evoked by a motivating 
operation and followed by specific reinforcement.” (Cooper et al., 2007) 
Operant Behavior- “Behavior that is selected, maintained, and brought under 
stimulus control as a function of its consequences.” (Cooper et al., 2007) 
Reinforcement- “Occurs when a stimulus change immediately follows a 
response and increases the future frequency of the type of behavior in similar 
conditions. (Cooper et al., 2007) 
Reinforcer- “A stimulus change that increases the future frequency of 
behavior that immediately precedes it.” (Cooper et al., 2007) 
Schedule of Reinforcement- “A rule specifying the environmental 
arrangements and response requirements for reinforcement; a description of a 
contingency of reinforcement.” (Cooper et al., 2007) 
Tact- “An elementary verbal operant evoked by a nonverbal discriminative 
stimulus and followed by generalized conditioned reinforcement.” (Cooper et al., 
2007) 
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CHAPTER II 
LITERATURE REVIEW 
Basic Research 
Variability in behavior falls along a spectrum (Neuringer, 2002). It is an 
operant dimension of behavior that can be increased or decreased through schedules 
of reinforcement contingent upon the amount of variability demonstrated. Variability 
can be increased in many topographies and across multiple species. Miller (2012) 
provides several examples of species in which operant procedures can be used to 
increase behavior variability, including rats, pigeons, dolphins, and humans. These 
procedures can also be used across different levels of development and cognitive 
capabilities, including, children and adults, with and without disabilities, such as 
autism and mental retardation (e.g., Lalli, Zanolli, & Wohn, 1994; Lee, McComas & 
Jawor, 2002; Miller & Neuringer 2000) 
Lalli et al. (1994) used extinction procedures on previously produced behavior 
topographies to promote the use of new topographies. This was done with two 
children with mild developmental delays. In baseline, participants received 
reinforcement on fixed interval schedule of 15 s. During baseline, neither child 
produced any accepted/appropriate topographies of play behavior with either the 
airplane, doll, or animal. Once modeling and hand-over-hand training sessions 
occurred, appropriate play topographies were reinforced with descriptive praise, and 
previously produced topographies were put on extinction. In probe trials both 
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participants produced trained and untrained novel topographies of play with more 
than one toy. This is just one way to promote variability of responses.  
Another study by Miller and Neuringer (2000) increased response variability 
by reinforcing response sequences that had a low relative frequency and withholding 
reinforcement for response sequences with a high relative frequency. The topography 
was key pressing (left and right). There were 16 possible responses, (e.g. RRLL, 
LRLR, RLLR). Results of this study showed these procedures were effective at 
increasing variability in all 5 children with autism and both control groups.  
Lag Schedules 
Lee et al. (2002), demonstrated how the application of a lag schedule can 
increase variability in verbal responding in people with autism. Each of these studies 
increased variability of a behavior, and each demonstrated how a new population, or a 
new behavior can be effected using procedures aimed at increasing variability. While 
there are several techniques that can be used to increase variability in behavior, this 
study will concentrate primarily on the effects and benefits of a lag schedule of 
reinforcement.  
 Lag schedules of reinforcement have some advantages compared to other 
schedules of reinforcement. For example, because lag schedules don’t put previously 
produced topographies of the behavior on extinction, they have the benefit of not 
eliminating those topographies. Also with a lag schedule of reinforcement the option 
is available to determine exactly to what level of variability is required to receive 
reinforcement. For example, in a Lag 1 schedule a response must differ only from the 
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last response, while in a Lag 10 schedule a response must differ from the previous 10 
responses in order to receive reinforcement. The lag schedule was introduced by Page 
and Neuringer (1985). This study demonstrates how a lag schedule of reinforcement 
can eliminate stereotyped behavior in key pecking sequences with pigeons. Each trial 
required eight pecks total, four to the right, and four to the left, in any order, in order 
to navigate through a device. Without a lag schedule of reinforcement, the pigeons 
would find a sequence that delivered reinforcement (e.g., LLLLRRRR, LRLRLRLR, 
or RRRLLLRL) and continue to reproduce the same sequence each trial. Under a lag 
schedule the pigeons increased the variability in responding to a Lag 50 schedule. 
This means, that in 50 trials not a single sequence was the same as another.  
Several additional studies have shown the effectiveness of lag schedules on 
operant variability. Cammilleri and Hanley (2005) demonstrated how a lag schedule 
can be used to increase variability in activity selection for two students. Esch, Esch, 
and Love (2009), Koehler-Platten, Grow, Schulze, and Bertone, (2013), and Susa and 
Schlinger (2012), showed how a lag schedule of reinforcement can be used to 
increase variability in vocalizations for children with autism. Demonstrated by the 
previously mentioned studies, lag schedules of reinforcement are an effective 
procedure for promoting variability in behavior across many topographies in children 
with autism and other organisms.  
Cammilleri and Hanley (2005) had two typically developing girls for 
participants, ages five and seven. These students tended to choose activities that used 
only certain skills. This study attempted to encourage the participants to choose 
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activities that were new. The participants were rewarded with teacher attention on a 
lag schedule that reset when the student had chosen all available activities. This 
procedure was successful at increasing the selection of novel responses in two 
typically developing elementary age girls. This study showed the possible 
implications of a lag schedule for promoting the engagement in novel activities in a 
classroom setting.  
Another study by Esch et al. (2009) demonstrated the possible implications of 
a lag schedule of reinforcement in promoting vocal response variability in children 
with autism. In this study the participants were two children with autism, ages two 
and seven. According to the Kaufman Speech Praxis Test for Children (Kaufman, 
1995) neither child had any echoic skills or a recognizable vocabulary. Reinforcement 
was on a Lag 1 schedule. The experimenter would model a sound, after the child 
emitted a sound the next trial would begin. The experimenter would again model a 
sound. If the participant responded with a sound that differed from their last emitted 
sound, it was reinforced.  All vocal responses in baseline were reinforced with praise. 
In the Lag 1 schedule condition, only responses that differed from the previous 
response were reinforced with an item from the preference assessment. This 
procedure was effective at gradually increasing the variability in vocal responses for 
both participants.  
Koehler-Platten et al. (2013) extended the Esch et. al. (2009) study, with three 
children with autism, whom had one or no word approximations. This study focused 
on increasing the variability in phonemes using a lag schedule of reinforcement.  This 
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study recognized the possible limitation of the previous study and looked more 
closely at the echoic effects, or whether or not the models example had any effect on 
the specific vocalization of the participant. This study also supports the use of a Lag 1 
schedule for increasing variability in phoneme usage in children with autism who 
have little to no echoic skills. 
Lee et al. (2002) recruited three participants diagnosed with autism. One 
participant was an adult, age 27, while the other two were age seven. All participants 
could use full sentences to communicate. The participants had a deficit in varying 
verbal responses to social questions (e.g., “How are you?”) The procedures in this 
study aimed to increase the variability in responding to these questions. The 
responses had to be appropriate and differ from the last response. In two out of three 
participants a Lag 1 schedule increased the amount of variability in responding in 
comparison to the differential-reinforcement-of-alternative-responses schedule alone. 
This study supports the use of a lag schedule of reinforcement for increasing 
variability in responding to social questions with people with autism.  This study also 
implemented generalization probes, increasing the external validity of the study. In 
addition, data from generalization probes suggested stimulus cues may have 
facilitated generalization.   
Lee and Sturmey (2006) modified the Lee et al. (2002) study in order to 
control for possible confounds, such as the possible effect of using different social 
questions for different participants. In this study each participant was asked the same 
social question. Also, a preference assessment was done in order to establish a 
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reinforcer. This study used three teenage participants, all were male, and all had been 
diagnosed with autism. All three could speak in full sentences. As in the previous 
study, the social question was “What do you want to do?” and the number of 
appropriate varied responses was of interest. This study also found a lag schedule of 
reinforcement to be effective at increasing variability in responding to a social 
question for two of the three participants. 
Susa and Schlinger (2012), an extension of Lee et al. (2002), had only one 
participant, a seven-year-old boy diagnosed with autism. The participants 
Individualized Education Plan included a goal to increase variability in responding to 
social questions. The participant had spontaneous manding skills, he could tact over 
200 things, and he could respond intraverbally to 33 social questions.  The social 
question chosen was “How are you?” This is the same question that was asked to the 
participant in the previous study that failed to gain response variability; however, this 
study was more effective at increasing the variability in responding using a Lag 1 
schedule. Through these procedures the participant was able to respond to the 
question of “How are you?” by alternating between four different appropriate 
responses. One limitation of this study is that only one person asked the participant 
the social question as a part of the procedure therefore this variability may be under 
the stimulus control of the experimenter. Also this study failed to look at maintenance 
of the generalization skill over time.  
Napolitano et al. (2010) recruited six children diagnosed with autism for this 
study. At least five of the six participants had a lack of variability in their behavior. 
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Variability in responding was the primary dependent variable and it was measured 
through the variability in block formations. There were 23 possible formations 
available and a variety of block colors. This study included teaching trials which 
modeled the desired behavior for the participants. In comparison to baseline, a Lag 1 
schedule significantly increased variability in block formations for all six participants. 
In two of the participants, the variability in responding carried over to the second 
baseline condition. More importantly, all participants significantly increased in 
variability in responding from the first baseline. This could be a limitation of the 
study. Alternatively, this could mean response variability was automatically 
reinforcing, and after being taught to do so the behavior was maintained through this 
automatic reinforcement. Another possible limitation could be that the participants 
understood the contingencies in place due to the verbal SD of “build differently.” 
Once again a lag schedule of reinforcement shows to be effective at increasing 
variability in behavior. Although there is still a great need for research on lag 
schedules and their effects on different behaviors under different conditions, the 
research that is available supports the use of these types of schedules for increasing 
variability in behavior.  
Generalization 
 Generalization is an important skill when it applies to response variability. 
One may learn to vary responses in one activity or setting but fail to carry over the 
ability to vary responses in another activity or setting. If this is the case, the 
promotion of variability in a behavior has little application in the natural 
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environment, and therefore will not produce reinforcement in other areas. There is a 
lack of research evaluating the skill to vary responses, and the ability to generalize 
that skill; however, research suggests stimulus control can facilitate generalization of 
variability in responding (Holman, Goetz, & Baer 1977; Miller, 2012; & Napolitano 
et al., 2010).  
Purpose and Hypotheses 
 The current study examined the effects of a lag schedule of reinforcement on 
variability in toy play with children with autism. Generalization of response 
variability across stimuli and across setting was also assessed. It was predicted that a 
lag schedule of reinforcement would be effective at increasing response variability in 
toy play in children with autism. It was also predicted that this skill would generalize 
across similar stimuli and settings.  
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CHAPTER III 
METHODS 
Participants and Setting 
 Three children diagnosed with autism, one girl and two boys, all of which 
were age 8, participated in this study. The participants were selected from classrooms 
in a local school district in Washington. Participants were selected based on the 
teacher’s recommendations and assessment information. Verbal Behavior Milestones 
Assessment and Placement Program (Sundberg, 2008), which assesses the language 
and skill level of children whose developmental age is between zero and four years, 
was considered. This assessment contains three levels that correspond to different 
developmental ages. Level one corresponds to the developmental age of 0 to 18 
months, Level two corresponds to 18 to 30 months, and Level three corresponds to 30 
to 48 months. The participants scored at least a three on the Play category in Level 
one of the VB-MAPP in order to be selected for participation. A minimum score of 
three in Play indicated that a participant was able to interact with at least five 
different toys in at least two different settings. 
Sessions took place in a connected room for participant 1 and 3. This room 
included a table, two chairs, bookshelves, a computer, and a printer in it. For 
participant 2 Sessions took place in an office down the hall from the participant 
classroom. This room also had a table, two chairs, bookshelves, a computer, and a 
printer in it. Based on participant availability one to two sessions were conducted 
each day the participant attends the classroom. Each session lasted approximately 10-
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20 minutes. Participation lasted 11 weeks; however, data collection was ceased for 
three of those weeks due to spring break and a clerical error regarding HSRC 
approval.  Two sessions took place each day, 5 days a week, for each participant 
based on their availability.  Generalization sessions took place in the same setting as 
previous phases and in a classroom on the floor.  
Materials 
 Materials included 14 building blocks of the same color. The blocks 
(Appendix A) include four (2.9 cm x 2.9 cm x 2.9 cm) cubes, four thin rectangular 
blocks (2.9 cm x 1.4 cm x 8.9 cm), four thick rectangular blocks (2.9 cm x 2.9 cm x 6 
cm), and two triangular blocks (3.0 cm x 2.1 cm x 4.3 cm).  
Materials to evaluate generalization included 14 building blocks that are foam, 
larger in size, and colored (Appendix A). Generalization testing blocks included four 
square shaped blocks (8 cm x 8 cm x 4 cm), four long rectangular blocks (16 cm x 8 
cm x 4 cm), four short rectangular blocks (7.7 cm x 4 cm x 4 cm), and two triangular 
blocks (11 cm x 7.7 cm x 5.3).  
Dependent Measure 
Response variability was measured based on the classification of the block 
structure. There were 17 different possible block formations (Appendix A).  In order 
to identify variations in the topography of block structures a list of possible block 
formations was used. Each structure was classified as one of the formations on the list 
of structures and recorded as such. A block structure was considered different from 
the last if it used at least 4 blocks and differed in form based on its classification. For 
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example, if the participant built a “double wide stack” on the first trial and built an 
“arch” on the second trial, it was considered different form the last trial. If a block 
formation differed from the formation built in the previous trial, it was recorded as 
reaching a Lag 1 level. If a formation differed from the formations built in the two 
previous trials it was recorded at reaching a Lag 2 level etc. At the end of a session 
the lag levels of all the trials in that session were added up and divided by the number 
of trials in the session in order to get an average lag level for each session. All 
sessions were filmed and stored as a permanent product so that a record of the 
structures exists and so that interobserver agreement data could be collected. 
Interobserver agreement (IOA) was calculated using the trial-by-trial method. 
Each structure built was considered a trial. The number of trials in which both 
observers agree was divided by the total number of trials scored, and the result was 
multiplied by 100. The experimenter trained the second observer by providing the 
observer with the list of classifications of structures and picture examples and 
explaining the measurement system. Next, the experimenter quizzed the observer by 
presenting pictures of the different structures in random order and having the observer 
categorize the structure. Once the observer reliably categorized the structures with 
80% accuracy, training was considered complete. IOA was calculated for 22.5%, 
21.7%, and 20.5% of sessions for participants 1, 2, and 3 respectively. Kennedy 
(2005) suggests IOA data be collected for a minimum of 20% of all sessions, for each 
participant, under each condition. IOA was at 96.7%, 97%, and 98.9% for participants 
1, 2, and 3 respectively.  
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Experimental Design 
A changing criterion design was used to determine if there is a functional 
relationship between the schedule of reinforcement and variability in responding 
(Cooper, Heron, & Heward, 2007). An outline of the procedures can be seen in figure 
1. There were seven possible levels of the lag schedule, which correspond to seven 
phases in the changing criterion design. Within each phase, 8 out of 10 trials must 
meet the criterion for reinforcement, for three consecutive sessions in order for the 
participant to progress to the next phase. The changing criterion design relies on the 
three elements of baseline logic – prediction, verification, and replication – to 
demonstrate a functional relationship between the dependent variable and 
independent variable.  Each phase of this design is used to predict the level of 
responding absent the introduction of the next phase.  Replication is said to have 
occurred when responding has mirrored, the increase or decrease in criterion.  
Verification is evidenced by changing the length of each phase and there for showing 
that behavior doesn’t change until the phase changes. (Cooper et al., 2007) 
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Procedure 
Figure 1. Procedure outline. 
Pre-experimental procedures.  Before any data were collected, written 
consent was obtained from the Teacher of the classroom. Also, informed consent was 
obtained from the parents of the participants.  
Preference Assessment. A multiple stimulus without replacement (MSWO) 
preference assessment (DeLeon & Iwata, 1996) was conducted with each participant 
(Appendix B). One MSWO was completed using edible items, and one was 
completed using tangible items, for each participant.  Edible and tangible items were 
selected for inclusion in the preference assessment based on teacher and parent 
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suggestion. The MSWO involved presenting an array of eight items in a horizontal 
line in front of the participant, and instructing the participant to “pick one.” After the 
participant selected an item, he or she was allowed to consume it or manipulate it 
while the experimenter rearranged the remaining items in a random order. The array 
of items was then re-presented to the participant until all items were selected from the 
array. This entire procedure was repeated with the eight items two more times, so that 
three rankings of the eight items were produced. Items were scored based upon the 
order in which they were selected. An item chosen first got a score of 1 and was 
assumed to be the most highly reinforcing, while the item chosen last got a score of 8 
and was assumed to be the least reinforcing item. The scores for all three 
presentations of the array were summed, and the items were ranked from lowest to 
highest score. Lower scores indicated that items are highly preferred. The three 
highest preferred tangible items and edibles were used as reinforcers throughout the 
study 
 Baseline. Baseline data were collected until a minimum of three data points 
were collected and until behavior was determined to be stable based on visual 
analysis of the graphed data. Each session started with placement of the wooden 
blocks on the table in front of the participant followed by presentation of the 
discriminative stimulus “build something.” After this instruction, the experimenter 
waited until the participant built something using at least four of the pieces. If the 
participant did not systematically stack the blocks, and instead simply pushed blocks 
around, the participant was instructed to “keep building.” If the participant stopped 
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building for more than 5 seconds or before at least 4 pieces were used, or tried to 
leave the table or interact with the experimenter, the participant was instructed to 
“keep building.” Each session consisted of 10 trials, except in 2 sessions when the 
participant had to leave early. Regardless of the participant’s performance, the 
experimenter gave reinforcement in the form of praise for approximately 2 s 
following each trial. Then the next trial began by representing the stimuli and 
delivering the SD “build something.” 
  Lag 1 schedule.  The Lag 1 schedule is the first phase in the intervention 
phase of this experiment. In this phase, the participant was instructed to “build 
something,” for the first trial. If the participant built something using at least four 
blocks, an edible or tangible reinforcer was delivered. On the next trial the participant 
was instructed to “build something.” If the participant built something different from 
the previously constructed structure according to the topography-based definitions 
included (Appendix C), then an edible or tangible reinforcer was delivered. Each new 
trial began by instructing the participant to “build something,” and if the new 
structure differed from the last structure built, then a reinforcer was delivered. If the 
participant failed to build something different from the last trial in 2 minutes, no 
reinforcement was delivered, and the next trial was presented after the blocks were 
rearranged. Each response was recorded according to category on the data sheet 
(Appendix D). 
 Lag 2 schedule.  This condition was similar to the Lag 1 schedule except the 
change in response requirement for reinforcement. In this phase, the structure built 
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had to be different than the previous two structures created in order to produce 
reinforcement. 
 Lag 3 schedule.  This condition was similar to the Lag 1 and Lag 2 schedule 
phases. The structure built in this phase had to be different than the previous three 
structures built in order to produce reinforcement.  
Lag 4 schedule.  This condition was similar to the previous lag schedule 
phases. The structure built in this phase had to be different than the previous four 
structures built in order to produce reinforcement.  
Lag 5 schedule.  This condition was similar to the previous lag schedule 
phases. The structure built in this phase had to be different than the previous five 
structures built in order to produce reinforcement. 
Lag 6 schedule.  This condition was similar to the previous lag schedule 
phases. The structure built in this phase had to be different than the previous six 
structures built in order to produce reinforcement.  
Lag 7 schedule.  This condition was similar to the previous lag schedule 
phases. The structure built in this phase had to be different than the previous seven 
structures built in order to produce reinforcement. 
 Teaching trails. If the participant failed to meet the response requirements for 
reinforcement, two trials in a row during any phase, teaching trials took place. In 
teaching trials, the participant and the experimenter sat across from each other, each 
with their own set of blocks. The experimenter modeled building a block formation 
and instructed the participant to “build something.” The experimenter provided least 
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to most prompts until the participant built the structure. This means that after 
presenting the SD, “build something,” the participant was allowed to complete the 
figure independently if capable. If the participant did not build the structure 
independently within a few second, the primary investigator represented the trial and 
provided a low level prompt such as pointing to the next block to use. This repeated, 
each time increasing the prompt invasiveness till the participant build the block 
structure. Following a teaching trial, once the participant built a structure 
independently, the experimenter provided reinforcement and continued according to 
the schedule of reinforcement in which was left off on.  
Generalization test. In order to test for generalization, probe sessions were 
conducted after the last data point was collected for the final sub-phase. First 
generalization of this skill was probed in the same setting with a novel set of stimuli. 
Then generalization of this skill was probed in a novel setting with the trained stimuli. 
Finally, generalization was probed with both a novel setting and the novel stimuli. If 
generalization was not observed following the final phase of the study it was 
considered failure to generalize, and the study concluded. 
Treatment Adherence  
In order to ensure correct implementation of procedures, sessions were 
videotaped and an independent observer scored the accuracy of procedure 
implementation for 22.5%, 21.7%, and 20.5% of sessions for participant 1, 2, and 3 
respectively. Treatment integrity was scored at 92.2%, 94%, and 98.9% for 
participants 1, 2, and 3 respectively. Treatment adherence data was collected across 
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all phases. The observer assessed the treatment integrity based on all of the standards 
listed on the treatment integrity sheet (Appendix E).   
Data Analysis  
Visual inspection was used to analyze the graphed data and determine the 
effect of the independent variable on the dependent variable. This process focuses on 
four main aspects: (a) variability, (b) trend, (c) level, and (d) immediacy of change. 
Variability is how often, and how much, responses differ from one another and can be 
evaluated by looking at the amount of difference between the highest data point and 
the lowest. The trend of the data is the direction in which it is moving, whether it is 
increasing, decreasing, or steady. Level is the point on the x-axis where a data point 
or many data points lie and it can be compared across conditions by using the means 
of each condition. The immediacy of change is how responsive the participant is to 
the condition change. In other words, when the condition is changed, the immediacy 
of change is reflected in how fast the behavior increases or decreases. (Cooper et al., 
2007) 
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CHAPTER IV 
RESULTS 
General Findings  
The purpose of this study was to examine the effects of a lag schedule of 
reinforcement on variability in block formations built, as well as examine the ability 
for this skill to generalize to other settings and stimuli. Another result of this study 
was that it teased out the effects of the schedule of reinforcement from the effects of 
the SD. The current study uses the same SD across conditions in order to eliminate 
the possible confound that other studies such as Miller (2012), and Napolitano et al. 
(2010) have by using different SDs across conditions.  A Lag schedule alone did not 
significantly increase variability in block formations built by all three participants. 
Visual analysis of the data was used to determine the significance of the change in 
behavior across conditions. 
Participant 1 
 Data for participant 1 can be found in Figure 2. This shows the average lag 
level across sessions for participant 1. In baseline the average level was .98, once the 
Lag 1 schedule of reinforcement was put into place the average lag level of 
responding increased to 1.25 for the phase, and when Lag 2 procedures were put into 
place responding dropped slightly to an average lag level of 1.2 for that phase. 
Although there is a slight change in the average lag level in responding, it is not 
significant enough to determine a direct relationship between the intervention and the 
variability displayed in responding. There is not an immediacy of change that occurs 
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in response to phase change that would indicate a functional relationship between the 
intervention procedures and the variability in block formations built. There is also not 
a significant upward trend in the data that would indicate a response to intervention. 
If at any point during phase 1, phase 2, or generalization probes, the 
participant did not meet criteria for reinforcement 2 trials in a row, a teaching trial 
was conducted. In figure 3 you can see the number of teaching trials that occurred in 
each session for participant 1. 
 
Figure 2. Participant 1. Average Lag Level per Session. Generalization probes 
include CE: NS (Conditioned Environment with Novel Stimuli), NE: CS (Novel 
Environment with Conditioned Stimuli), and NE: NS (Novel Environment with 
Novel Stimuli). 
 
Figure 3. Participant 1. Number of Teaching Trials per Session. Session numbers 
correspond with session numbers from Figure 2.   
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 Generalization probe data show that when in the conditioned setting, with 
novel stimuli, participant 1 increased the average lag level in responding to 2.9. This 
is higher than any other session. When in a novel setting, with the conditioned 
stimuli, participant one responded at an average lag level of 1.1, and when in the 
novel setting with the novel stimuli, participant 1 again responded with an average lag 
level of 1.1. This is level with the average level of responding in the previous phase 
(phase 2).  
Participant 2 
Data for participant 2 are shown in Figure 3.  Baseline data were more stable 
when compared to participant one’s data. In baseline the average lag level was .40. 
During Lag 1 sessions he increased his variability in block formations to an average 
lag level of .93, and when a Lag 2 schedule of reinforcement was in place his average 
lag level increased to 1.06. Although there is an increase in variability across 
conditions, it is not sufficient to say that there is a causal relationship between the 
independent variable and the increase in variability in block formations. There is a 
slight upward trend in average lag level of responding in the Lag 1 phase; however, 
the response to the phase change is not immediate enough to show a functional 
relationship between the intervention and the lag level of responding.  
If at any point during phase 1, phase 2, or generalization probes, the 
participant did not meet criteria for reinforcement 2 trials in a row, a teaching trial 
was conducted. In figure 5 you can see the number of teaching trials that occurred in 
each session for participant 2.  
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Figure 4. Participant 2. Average Lag Level per Session. Generalization probes 
include CE: NS (Conditioned Environment with Novel Stimuli), NE: CS (Novel 
Environment with Conditioned Stimuli), and NE: NS (Novel Environment with 
Novel Stimuli).   
 
Figure 5. Participant 2. Number of Teaching Trials per Session. Session numbers 
correspond with session numbers from Figure 4.   
Generalization probe data shows that in the conditioned setting with the novel 
stimuli, participant 2 had and average lag level of 1.9. This level of responding was 
only achieved by this participant two other times during the study during Lag 1 phase. 
In the novel setting with the conditioned stimuli participant two achieves an average 
lag level of 1.3. In the novel setting with the novel stimuli, participant 2 achieved an 
average lag level of 1.2. The last two generalization probes are slightly higher than 
the average level in responding in both the Lag 1 phase and the Lag 2 phase, although 
not by a significant amount.  
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Participant 3 
Data for participant 3 are shown in Figure 4. Participant 3 had an average lag 
level of .53 in baseline sessions, and increased this average to 1.0 in response to Lag 
1 procedures. During Lag 2 procedures participant 3 decreased average lag level 
across sessions to 0.77. Again, there is not a significant enough change in lag level 
from one condition to the next to determine a causal relationship between the lag 
schedule of reinforcement and an increase in lag level achieved across sessions. There 
is also a good amount of variability session to session, suggesting level of responding 
was more related to day-to-day confound than the schedule of reinforcement for this 
participant. The trend in data for this participant does not indicate an upward or 
downward trend within phases. Also there is no immediacy of change in response to 
the phase change. 
If at any point during phase 1, phase 2, or generalization probes, the 
participant did not meet criteria for reinforcement 2 trials in a row, a teaching trial 
was conducted. In figure 7 you can see the number of teaching trials that occurred in 
each session for participant 3. 
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Figure 6. Participant 3. Average Lag Level per Session. Generalization probes 
include CE: NS (Conditioned Environment with Novel Stimuli), NE: CS (Novel 
Environment with Conditioned Stimuli), and NE: NS (Novel Environment with 
Novel Stimuli).  
 
Figure 7. Participant 3. Number of Teaching Trials per Session. Session numbers 
correspond with session numbers from Figure 6.   
 Generalization probe data show that in the conditioned setting, with the novel 
stimuli, participant 3 remained at 0.7 level of responding, similar to the previous 
phase. In a novel setting with the conditioned stimuli, participant 3’s level of 
responding was at 1.4, and in a novel setting with the novel stimuli, participant 3 had 
an average lag level of 1. This is keeping with the average level of responding in the 
previous two phases.  
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CHAPTER V 
DISCUSSION 
The current study examines the effects of a lag schedule of reinforcement in 
variability in block formations built by children with autism. Using a changing 
criterion design, where the criterion for reinforcement increased as the participants 
mastered a phase, this study analyzed the effects of a lag schedule of reinforcement 
on responding across phases. These procedures did not significantly increase average 
lag level of responding in three 8-year-old children diagnosed with autism.   
One benefit of this study is that it isolates the effect of the schedule of 
reinforcement on the variability in responding in the participants. The current study 
intentionally uses the prompt “build something” throughout all phases in order to 
isolate the effect of the lag schedule of reinforcement without telling participants 
what it is they are supposed to do. This study extends previous research (Miller, 
2012), which had the same definitions of block structure possibilities, but used the 
instructional prompt (SD) of “build differently,” along with a lag schedule of 
reinforcement, to increase variability in block formations. Napolitano et al. (2010) 
also uses the SD “build differently.” Napolitano et al. (2010) says, this “May have 
increased the likelihood that the participants understood the contingencies.” Therefore 
the participants may have known based on the instruction (not in response to the 
schedule of reinforcement), that they needed to build varying block structures in order 
to get rewarded. Miller (2012) says, “The antecedent stimulus ‘different’ may have 
increased the variability simply due to its consistent pairing with relatively lean 
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schedule of reinforcement.” The current study used the SD “build something,” 
throughout all phases in order to analyze the effects of a lag schedule of 
reinforcement alone on variability in responding in participants. The current study did 
not get results that support using a lag schedule of reinforcement, without the 
instruction “build differently,” to increase variability in block formations built for 
three children, age 8, diagnosed with autism. Future research should look at the 
effects of the SD or prompt stimulus on the effectiveness of a lag schedule of 
reinforcement. Future research should replicate these procedures with the exception 
of having two experimental groups. One which is exposed to the more informative 
SD “build differently,” and one which uses the SD “build something,” in all 
conditions.  
Another purpose of this study was to examine the ability of the skill to vary 
responding, to generalize to other settings and stimuli. The new setting that was tested 
was the floor of the participant’s classroom, and the new stimuli used were larger, 
foam, multi-colored blocks. Although average lag level in responding did not increase 
immediately or significantly in response to lag phases, the lag level that was reached 
in lag phases generally carried over to the new setting and to the new stimuli. In the 
generalization session in the trained setting with the new stimuli, participant 1 
actually reached a higher lag level than in any previous session. The generalization 
session in a new setting with the trained stimuli, as well as the generalization session 
in the new setting with the new stimuli, reached similar levels to the previous phase. 
The average lag level of the previous phase was 1.2 while the level of both of these 
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generalization sessions was 1.1. In other words, for participant 1, the level of 
variability achieved in previous phases did generalize to the new setting and new 
stimuli. Participant 2 also generalized the skill to vary responding to new stimuli and 
a new setting. All three generalization sessions including one in the trained setting 
with the new stimuli, one in the new setting with the trained stimuli, and one in the 
new setting with the new stimuli, achieved higher lag levels than the average of the 
previous phases. Participant 3 remained close to the level of the previous lag phase 
for generalization in the trained setting with the new stimuli, as well as with the new 
stimuli in the new setting; however, in the new setting with the trained stimuli, 
participant 3 reached higher levels of variability than the average of the previous 
phase.  
The increase in variability in many of the generalization sessions compared to 
lag phase sessions suggests that varying responding had a naturally occurring 
reinforcing effect. The participants were excited to see a new set of blocks after 
growing quite bored of building with the trained set of blocks. This is a limitation of 
this study because this increase in variability may not have been in response to the 
schedule of reinforcement, but instead in response to a new exciting set of blocks.  
Future research should address the effect of the ability to vary responses acquiring a 
rewarding quality that is independent of social input. In other words, the behavior 
itself is rewarding to perform without being given something in return for doing the 
behavior.  Future research could implement a reversal design, where procedures 
return to baseline contingencies for reinforcement, in order to evaluate the effects of 
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the schedule of reinforcement versus the possible confound of the behavior of varying 
responding acquiring an automatically reinforcing effect. Future research may also 
attempt to decrease the novelty (and therefore the excitement) of the untrained stimuli 
by having generalization stimuli that are more similar to the conditioned stimuli. 
Another way future research could decrease this novelty, is by allowing the 
participants to have some free play time with the generalization stimuli before taking 
generalization probe data.  
Another limitation of this study is that while it was predicted that participants 
would reach mastery criteria for a Lag 7 schedule of reinforcement, mastery criteria 
was only met for a Lag 1 schedule of reinforcement, and therefore procedures only 
reached the second phase of the intervention. Previous research (Miller, 2012; 
Napolitano et al., 2010) with similar procedures only achieved Lag 3 and Lag 1 levels 
respectively. Attempting to reach Lag 7 criteria for reinforcement appears to be 
overly ambitions for procedures that only allow for 17 possible responses. Variability 
level can only be so high when the number of possible responses is 17 (defined by the 
17 possible block formations). A much higher lag level can be achieved when the 
number of possible responses is much higher. Page and Neuringer (1985), had 256 
possible responses with key pecking sequences and reached a Lag 50 schedule of 
reinforcement. Future research should look at the limitation of the number of possible 
responses on the lag level achieved. Future research should replicate the current 
studies procedures with two conditions, one which defines block structures according 
to the same definitions as the current study, allowing 17 possible responses, and 
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another which defines the possible block formations according to Napolitano (2010) 
which has 23 possible responses. With these procedures we can evaluate the effects of 
the number of possible responses on the increase in variability in block formations 
built in response to a lag schedule with a changing criterion design.  
In summation, suggestions for future research include: (a) evaluating the 
effect of the SD on the effectiveness of the schedule of reinforcement on increasing 
variability in responding with children with autism., (b) addressing the effects on 
varying responding due to the behavior of varying responding acquiring an 
automatically reinforcing quality, and (c) examining the limitation of the number of 
possible responses on the lag level achieved by children with autism.  
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APPENDIXES 
APPENDIX A 
BLOCK FORMATIONS 
                      
Materials                                                         Generalization Materials  
   
1. Balance 
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2. I 
   
3. Post 
   
4. Single Stack  
   
5. Post & Balance 
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6. Double Wide Stack 
   
7. Enclosed  
   
8. Arch 
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9. Fence 
   
10. Floor 
   
11. Multi Stack 
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12. Multi Stack & Balance 
   
13. Multi Stack & Balance & I 
   
14. Multi Stack and I 
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15. Multi Stack & Post 
   
16. Multi Stack & Balance & Post 
   
17. Multi Stack & Post & I 
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APPENDIX B 
MSWO DATA SHEET 
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APPENDIX C 
BLOCK FORMATIONS AND DEFINITIONS 
Block Formation Definition 
Balance A single structure including a long flat 
rectangular block perched horizontally 
atop either a square or a vertically 
oriented rectangular block. 
I A single structure including a long flat 
rectangular block placed horizontally 
with a narrow stack on top of it, with 
another horizontal flat block on top. 
Post A single structure including a long flat 
rectangular block with either a stack of 
two or more squares, or a vertical 
rectangular block on top. 
Single Stack A single structure in which a group of 
blocks are stacked on top of each other, 
but no other forms (e.g., Balance or 
Post) are present.    
Post & Balance A single structure that contains both 
the Post and Balance forms.   
Double 
Double Wide Stack A single structure in which two or more 
blocks are placed adjacent to one 
another (touching). 
Enclosed A single structure in which four or more 
blocks are arranged adjacent to one 
another so that they form an enclosed 
shape (e.g., a square). 
Arch A single structure that consists of two 
blocks with a gap between which are 
spanned by another block placed atop 
them. 
Fence A single structure in which four or more 
blocks are placed adjacent to one 
another (not on top of each other), to 
form a line. 
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Floor A single structure consisting of two or 
more long flat rectangular blocks laid 
horizontally adjacent to each other to 
form a base. 
Multi Stack Two or more stacks of blocks (non-
adjacent) that contain no other forms 
(e.g. Balance or Post). 
Multi Stack & Balance Two or more stacks of blocks containing 
at least one Balance form. 
Multi Stack & Balance & I Two or more stacks of blocks containing 
both Balance and I forms.  
Multi Stack & I Two or more stacks of blocks containing 
at least one I form.  
Multi Stack & Post Two or more stacks of blocks containing 
at least one Post form. 
Multi Stack & Post & Balance Two or more stacks of blocks containing 
both Balance and Post forms. 
Multi Stack Post & I Two or more stacks of blocks containing 
both Post and I forms, but no Balance 
forms. 
 
From “Stimulus Control and Generalization of Operant Variability in the 
Block Play of Children with Autism” by Miller, N. D. 2012. Doctoral 
dissertation, The Ohio State University, p. 76. Copyright (2017) by Cloie 
Cornell. Adapted with permission. 
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APPENDIX D 
BASELINE AND LAG LEVEL DATA SHEET 
Phase:       
Trial Did the 
participant 
stack blocks 
following the 
SD? Y/N 
Did the participant 
pause for more 
than 5 s? 
Y/N 
What Lag was 
displayed?  
What was the 
form? 
Was RFT 
delivered? 
1      
2      
3      
4      
5      
6      
7      
8      
9      
10      
Total 
Y’s 
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APPENDIX E 
TREATMENT INTEGRITY DATA SHEET 
      
Trial # Was the trial 
arranged 
correctly? 
The 14 
blocks were 
placed in 
front of the 
participant 
and within 
reach of the 
participant 
Was the 
correct SD, 
“build 
something” 
delivered?  
What block 
formation 
was built? 
What 
Consequence 
was 
delivered? 
Total 
1      
2      
3      
4      
5      
6      
7      
8      
9      
10      
